The observed deviations from the Standard Model in several b → sµµ processes can be explained in terms of a new vector boson produced on-shell in B meson decays. A mass of 2.5 − 3 GeV and a total width of 10 − 20% allow to hide the associated dimuon bump in the poorly known charmonium region, and the large invisible decay width can be interpreted in terms of Dark Matter. This proposal predicts a contribution to the muon anomalous magnetic moment, that could explain the long-standing tension with the Standard Model. It also predicts sizeable invisible B decays and a peculiar q 2 -dependence of the lepton flavor universality ratios RK and RK * , that could be tested at the LHCb and Belle-II. This proceeding is based on [1], and slightly extends it with comments about Dark Matter.
I. INTRODUCTION
Processes induced by b → s transitions arise at one loop in the Standard Model (SM), and in beyond the SM (BSM) theories their size is controlled by parameters that are usually less constrained than those associated to transitions involving lighter quark generations, see e.g. [2] . Therefore they constitute an excellent avenue to look for experimental signs of BSM.
Several deviations from the SM in such processes have been measured in recent years. These include i) a suppression of the lepton flavor universality ratios R K = BR(B + → K + µ + µ − )/BR(B + → K + e + e − ) [3] and R K * = BR(B → K 0 * µ + µ − )/BR(B → K 0 * e + e − ) [4] , both in the dimuon invariant mass bin q 2 ∈ [1, 6] GeV 2 ; ii) an enhancement of the angular observable P 5 (or S 5 ), defined as in [5, 6] , in the decays B 0 → K 0 * µ + µ − [7] [8] [9] ; iii) a suppression of the branching ratios B + → K ( * )+ µ + µ − [10] , B 0 → K ( * )0 µ + µ − [10, 11] , B s → φµ + µ − [12] . The tensions in ii) and iii) could partly depend on underestimated theoretical uncertainties, see e.g. [13] for recent considerations. The theoretical cleanliness of the SM prediction for R K and R K * [14] makes i) a clearer hint for BSM, of course barring experimental systematics or statistical fluctuations. As measurements based on new data are expected to be released soon by LHCb, it is a good time to review the BSM explanation of such anomalies put forward in [1] . For convenience of the reader, we start by sketching the idea before turning to more quantitative aspects in the following sections.
The proposed BSM explanations of the b → s flavor anomalies typically rely on the introduction of one or more degrees of freedom heavier than the B mesons. Examples include a new vector boson, a leptoquark, or a richer new particle content, see e.g. [15] for a concise summary with references. In [1] we have investigated the logical possibility of the anomalies being originated instead from a new particle lighter than the B mesons, produced in B decays, and decaying to muon pairs. 1 Two immediate challenges to this proposal are 1 Our proposal will not explain the downward fluctuation in the bin q 2 ∈ [0.045, 1.1] GeV 2 of R K * [16] . BSM explanations of [16] involve particles lighter than the muon mass (while our is heavier), and need additional a) why haven't we already seen such a resonance as a bump in the invariant mass of two muons coming from some B decay, b) how to decrease the B's branching ratios into muons (as implied by R K and R K * ) rather than the opposite. These challenges are addressed if a) the new resonance has a mass higher than roughly 2.5 GeV and a large enough width, so the associated dimuon bump can be "hidden" in the poorly known region where charmonium resonances like the J/ψ live; b) the new resonance is a vector, so it interferes with the SM contribution and, thanks to the large width and to an appropriate sign choice, it induces a decrease of R K and R K * for dimuon invariant masses lower than m 2 V . Not only this proposal turns out to address the anomalies i) to iii) (P 5 actually only partially), but also it predicts a contribution to the muon anomalous magnetic moment that could explain the long standing discrepancy with the SM [19] . We will review these aspects in sections II and III, together with the observables that will allow to experimentally test this model. The needed large invisible decay width of the new vector can be intriguingly connected with DM, as we will review in section IV. From a theoretical point of view, vector bosons of a new broken gauge group are light by symmetry, and they arise in several motivated extensions of the SM. Like in [1], we will not address here the UV origin of the new vector, but just shortly comment about it.
II. A NEW LIGHT VECTOR AND THE b → s ANOMALIES
We introduce a new massive vector V of mass m V , with the following interactions with the SM in the broken EW phase
(1) Such couplings may originate, all or part of them, from a remnant of larger flavor symmetries at higher energies and/or from a dark sector portal, possibly in connection with the large invisible V decay width that will be needed. These couplings may also be described in an effective Z framework [20] , matter content to explain the larger q 2 bin of both R K and R K * , see e.g. [17, 18] . Figure 1 : RK , RK * , and P 5 as functions of the dimuon invariant mass q 2 . We show the SM short distance contribution (continuous black), a heavy NP contribution to C µ 9 (dotted red), and a light vector resonance with 2.5 GeV mass and relative width of 20% (dashed black, dot-dashed gray for the case of 2 GeV mass, shown just for comparison with [22] ). The coupling to muons are fixed as gµV = 0.1 and gµA −0.44 gµV to explain the muon anomalous magnetic moment, and the one to quarks is fixed to saturate the upper bound from B decays with missing energy eq. where V is the gauge boson of a new group U (1) under which the SM is neutral, and the SM fields acquire V couplings via mixing with new matter states charged under U (1) . Note that eq. (1) does not need additional sources of flavor violation beyond the SM, indeed the coupling g bs may originate from a V coupling to the top in combination with a SM loop [1, 21] . As anticipated, we do not comment further on the UV origin of eq. (1).
Let us now discuss its impact on the rare semileptonic B decays of interest for the anomalies i)-iii), B → K ( * ) µ + µ − . To make contact with the usual parametrization of NP in B decays, eq. (1) induces the Wilson coefficients
where we have defined
For the moment Γ V is a free parameter, that as we now show has to be sizeable. If the dimuon resonance is fully contained in the bin q 2 ∈ [1, 6] GeV 2 relevant for R K and R K * , then it would generate an enhancement with respect to the SM, rather than the observed suppression. If the resonance lies instead at a higher q 2 , then if it has a large enough width it can induce a suppression of the SM prediction in the measured bin, because being a vector it can interfere (destructively) with the SM. A mass larger than √ 6 2.5 GeV makes the broad bump lie in a region where the SM prediction for the q 2 spectrum is poorly known, because of the sizeable hadronic uncertainties [23, 24] and because the phase of the interference of the SM continuum with the J/ψ resonant contribution is unknown. A quantitative visualization of the impact of V on R K , R * K and P 5 is given in Figure 1 . One sees that a width of Γ V /m V = 20% allows to contain the deviation from the SM for any q 2 > 6 GeV 2 within 30% or so and to induce the desired suppression in the bin q 2 ∈ [1, 6] GeV 2 . We do not attempt to quantify precisely the maximal tolerated deviation from the SM at q 2 > 6 GeV 2 , and therefore we refrain from providing a precise upper (lower) limit on the m V (Γ V ) that allows to explain the B anomalies.
The values of the other parameters of eq. (1), used in Figure 1 , are chosen to improve the fit in each of R K , R * K and P 5 by at least 2σ (as determined in [1] using the flavio [25] code), and at the same time to comply with existing constraints. Before describing such constraints, we observe that they also imply that the large Γ V needed cannot come from eq. (1) alone, but it requires the addition of an invisible BSM channel, for example
with χ invisible for LHC detectors and g χ 2.
III. CONSTRAINTS AND PHENOMENOLOGICAL IMPLICATIONS
Let us now describe some main phenomenological implications of eqs. (1) and (3), starting from the V couplings to muons g µV,A . A loop containing V induces an anomalous magnetic moment for the muon
where f V,A = 1 up to subleading orders in m
is interesting that, for |g µA | < √ 5|g µV |, the contribution in eq. (4) has the right sign to resolve (g − 2) µ anomaly [19] −g bs
excl. by B → K+inv. For m V m µ and fixing for definiteness g µA = 0, requiring the contribution not to overshoot the measurement by more than 3σ implies g µ /[m V /GeV] 0.008. In principle the bound can be weakened or even removed by tuning g µV vs. g µA , and this possibility will be crucial in allowing to explain the flavor anomalies in b → s decays 3 . The first two terms in eq. (1) are also somehow severely constrained by the precise measurements of the invariant mass of dimuons from Drell-Yan production, that as shown in [26] reduce the parameter space where P 5 can be explained, but leave ample margin to address R K and R K * .
Let us now turn to the coupling g bs . The most important constraint on it arises from the combination with the invisible decay width, and comes from B → Kχχ. This process experimentally gives the same signature of the SM process B → Kνν, which has been looked for at both Belle and Babar [31] [32] [33] [34] , A combination of those measurements gives BR(B → Kinv.) < 1.5 × 10 −5 at 95%CL [1] . The SM prediction for BR(B → Kνν) is given by 0.5 × 10 −5 [35] , with a relative error of order 10%. We therefore impose the upper limit BR(B → Kχχ) < 10 −5 . In our model, in the narrow width approximation for V and using BR(V → χχ) 1 we have
where Γ B is the B meson total width, λ = 1 +m
is a form factor that we take from [36] . The resulting upper bound on g bs reads
This bound becomes weaker if Γ V is large enough to invalidate the narrow width approximation. Constraints from modifications of the Zµµ coupling, B s − B s mixing and B s → µ + µ − turn out to be less relevant. Constraints could also arise from Z → 4µ and Z → 2µ+inv., but to our knowledge the first has been performed only down to m µµ = 4 GeV, and the second has not been performed. We refer the reader to [1] for a discussion of these constraints.
To conclude, we find that an explanation of the b → s anomalies and (g − 2) µ is possible, compatibly with all the other constraints, for
where we have fixed g µA −0.44g µV as a benchmark motivated by (g − 2) µ . The region where the three sets of flavour observables, R K , R K * and P 5 , are improved by more than 2σ each is shown in Figure 2 , together with the region preferred by (g − 2) µ , and with the constraint B → K+invisible. The other possible relative sign between g µA and g µV does not change the prediction for (g − 2) µ , but it induces a slightly worse fit of the b → s anomalies and is not shown.
IV. CONNECTION WITH DARK MATTER
Could the new particle(s) to which V decays invisibly constitute the observed Dark Matter (DM), for the same values of the parameters that solve the flavour tensions? For simplicity let us discuss the case of one new stable particle. Its large coupling to the new vector V and the sizeable values of g µV,A , demanded to explain the flavour anomalies, imply that this particle was in equilibrium with the SM in the Early Universe. The key quantity to investigate then becomes the annihilation cross section of a DM pair into SM particles.
When the DM is heavier than a muon the dominant annihilation is into muon pairs. The related averaged cross section times relative velocity reads
in the case of fermion DM χ, and
(10) in the case of scalar DM φ with coupling i g φ V ν φ * ∂ ν φ + h.c.. For the preferred values of the invisible decay width of V and of g µV,A , these expressions yield to σv in the ballpark of 10 −(22−21) cm 3 /sec for fermion DM, and of 10 −(24−23) cm 3 /sec at freeze-out for scalar DM (note here the p-wave suppression). While the annihilation of χ withχ (or of φ with φ * ) is too large to obtain the observed DM abundance via thermal freeze-out, the efficient depletion of the symmetric DM population makes this a viable DM model in presence of an appropriate initial asymmetry.
If the particle to which V decays invisibly is instead lighter than a muon, then it would reproduce the DM abundance via thermal freeze-out if, additionaly, it has couplings to electrons g eV,A of the order of 10 −1 − 10 −2 times the favoured couplings to muons, e.g. in the fermion χ case. Note that such couplings to electrons would not spoil the explanation of the flavor anomalies. Without relying on such extra coupling to electrons, the leading annihilating channels would be either νν orμeνν. The related annihilation cross sections would be suppressed, with respect to those in eqs (9) and (10), by an extra factor of ∼ (m χ /m W ) 2 × (α 2 /4π) 2 < (<)10 −10 , thus leading to a bad overclosure of the Universe.
We conclude this section by noting that the self-interacting cross section of such DM candidate, σ/m χ ∼ (g
V , is much smaller than the value of ≈ barn/GeV needed for it to be observable in the distribution of matter in galaxies and clusters (and therefore also too small to solve the related putative anomalies in small scale structures), see e.g. [37] for a review. An analogous conclusion holds for the scalar DM candidate.
V. CONCLUSIONS
In this proceeding we have reviewed the explanation of the neutral current B anomalies and of the muon anomalous magnetic moment proposed in [1] , in terms of a new vector dimuon resonance with a mass 2.5 GeV and a sizeable invisible decay width. The latter can be intriguingly connected to cold Dark Matter candidates with various cosmological histories.
Independently of Dark Matter, this scenario predicts other deviations from the SM in B decays, most notably a strong q 2 dependence of the lepton flavor universality ratios R K and R K * , unique to this explanation of the b → s anomalies; a branching ratio of B → K invisible close to its present upper limit.
Measurements of these observables will allow to confirm or rule out this possibility in the near future at the LHCb and Belle-II.
This proposal addressed an unexplored logical possibility to explain the B anomalies, having demonstrated its phenomenological viability the next step would be to include it in a more complete UV picture. We do not perform this step here, but we mention that another constraint that would immediately become important is the one from neutrino trident production [38] , that would rule out the muon couplings that explain the flavor anomalies if g ν L = g µ L = g µV − g µA .
